In a retrospective study 36 cultures of Pseudomonas aeruginosa, isolated from patients with fatal Pseudomoras burn wound sepsis and from burned patients with nonfatal P. aeruginosa infections, were used to evaluate the consistency and reliability of serological, phage, and pyocin typing as epidemiological tools. Frequency distributions of positive reactions were analyzed by a computer in a 3-way chi-square test, and a high degree of consistency was demonstrated for each method. From these data, 75% of the cultures were differentiated by serological, 90% by phage, and 100% by pyocin typing. There was no significant difference among organisms isolated from fatal cases of burn wound sepsis and organisms from patients with nonfatal infections (X2 = 0.3418; P = 0.9870). The combined typing system was a sensitive and reliable epidemiological tool for intraspecific differentiation of P. aeruginosa.
) and (ii) organisms isolated from patients with nonfatal P. aeruginosa infections (Table  2) . Subsequently, these cultures were used in experiments designed to determine the reliability of serological, phage, and pyocin typing systems.
Chemicals and media. Unless specified differently, all chemicals were of reagent or pure grade, and media were of a quality recommended for use in microbiological and clinical laboratories. Mitomycin-C (crystalline) was obtained from Sigma Chemical Company, St. Louis, Mo. Serological typing. Rabbit antiserum to each of the seven Fisher immunotypes (6) were kindly supplied by H. B. Devlin, Parke, Davis & Co., Detroit, Mich.
Each culture was grown on a slant of MuellerHinton agar (Difco) overnight in a water bath at 30 C. Growth was removed from each slant with a sterile cotton-tipped applicator and suspended in saline to form a homogenous suspension. Then, one drop of antiserum was mixed with each bacterial suspension on a microscope slide and observed for agglutination. (8, 7, (13) (14) (15) to select a set of uniform conditions for such variables as medium composition, culture age, and incubation temperature. Subsequently, the following modified procedure was used in this study.
Lyophilized phages were reconstituted with 0.5 ml of Trypticase soy broth (TSB) and propagated in their homologous host strains in TSB, TSB plus CaCl2 (400 ug/ml), sodium lactate medium (SLM), and on Trypticase soy agar (TSA) plus 0.7% purified agar. Plates were incubated for 12 to 14 hr at 32 C, In preliminary studies, test cultures were typed by both pyocin production and pyocin sensitivity as previously described (5) . Subsequently, we modified the qualitative method of Zabransky and Day (20) and typed our test cultures by pyocin production against the pyocin indicator strains of Farmer and Herman (5) . Test cultures were grown in TSB at 32 C for 2 to 4 hr. Then TSA plates containing 0.1% sodium citrate, 0.1% dipotassium hydrogen phosphate, and 10-5 M iodoacetic acid were inoculated with each TSB culture in a central streak across the surface of the medium. The three chemicals were added to suppress the action of pyocin-inactivating substances (19) . Plates were incubated for 12 to 14 hr at 32 C, after which they were inverted, and 0.3 ml of chloroform was added to the lid of each plate to kill test cultures. Cultures were exposed to chloroform vapors for 30 min. Then residual growth was removed from the agar surface with a sterile swab. Plates were cross-streaked with indicator strains and incubated at 32 C for 12 to 14 hr, after which zones of growth inhibition in indicator strains were recorded as positive (+) or negative (-) . These 27 reactions were then converted into a 9-digit number according to a mnemonic for type designation (4 no significant difference between groups of organisms with respect to the distribution of positive reactions for a separate typing method or for all three typing methods (x2 = 0.3418; P = 0.9870). However, there was a highly significant difference among typing methods for both groups of organisms and for each group separately (x2 = 244.9396; P = 0.0000).
Type reactions for all three methods were made on the basis of the following criteria: 2 to 4 positive reactions per culture in four experiments were designated as major reactions; and 0 to 1 positive reactions per culture were designated as nontypable. With these criteria, 90% of test organisms were differentiated by serological typing, 75% by phage typing, and 100% by pyocin typing (Tables 6 and 7) .
As a combined system, nine cultures were typable by only serology or phage, and two cultures (10483 and 1533) were nontypable by both methods. However, these nontypable cultures were identified by pyocin production. They were from different patients (Table 1) , and each was identified by different mnemonics for strain designations. In the combined system, 100% of our cultures were differentiated at the intraspecific level.
DISCUSSION
The continuing increase in P. aeruginosa infections in hospitals is similar, in many ways, to the problem of Staphylococcus infections of approximately 15 years ago. However, the development of a standardized procedure for phage typing of staphylococci (2) proved to be an invaluable aid in understanding the epidemiology of Staphylococcus infections. Unfortunately, similar successes with typing methods for P. aeruginosa cannot be acclaimed. Several procedures have been described for typing P. aeruginosa by serology (6, VOL. 24, 1972 EVALUATION OF P. AERUG) 7, 9, 18), phages (8, (13) (14) (15) , and pyocins (1, 3, 5, 12, 20) , but their value as epidemiological tools remains questionable. In this report we have suggested a combined typing system for intraspecific identification of P. aeruginosa.
Each of the typing procedures was evaluated for consistency as a single method and as a component of a combined typing system. Chi- in isolated pyocins by mitomycin-C induction, the qualitative typing test was preferred. This combined system (which can be completed in four days) enabled us to make strain designations with greater confidence. The application of this system in a prospective study of P. aeruginosa infections is being reported in the article that follows.
